Attrition from general surgery training is highest during internship. Whether the expectations and attitudes of new trainees affect their subsequent risk of attrition is unknown.
D espite changes in resident duty hours and programmatic efforts aimed at reducing attrition, withdrawal from general surgery training remains a national problem with important workforce and training implications.
1,2 Several prior studies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] have investigated individual and programmatic variables that affect attrition, but none have evaluated whether expectations of trainees are associated with successful completion of general surgery residency. Previous reports have demonstrated that the highest rate of attrition occurs among interns. 13 A mismatch between expectations of surgical training and the reality of internship may in part explain these higher attrition rates. Understanding expectations of internship would help to inform the selection of candidates, better prepare medical students for the rigors of surgical training and the stress of a surgical career, and facilitate creation of appropriate support programs in residency training. In the future, such interventions could in turn lead to lower attrition rates, especially early in residency.
In this prospective national study of categorical general surgery interns, a principal component analysis (PCA) was used to categorize resident expectations of training into factors. These factors were subsequently used to measure the association between expectations of surgical training and careers and noncompletion of residency. We hypothesized that interns who expected adversity, longer hours, and a more challenging environment during residency would have higher rates of completion of training. 14, 15 This study was approved by the institutional review board at Yale School of Medicine and subsequently transferred and approved by the institutional review board at Weill Cornell Medicine. Completion and return of the survey was considered implied consent. The development of an intern survey was based on qualitative interviews with surgery residents who had left their training programs, with focus on reasons why surgery residents drop out. 16 Based on these interviews, prior literature on attrition, and collaboration with the American Board of Surgery, the intern survey was crafted to test hypotheses for how mismatches in expectations of residency and reasons for pursuing a particular program may be associated with a higher risk of noncompletion of training. Survey data included intern demographics, expectations for residency and a career in surgery, and reasons for selecting a residency program. Questions related to demographics included intern gender, race (white, black or African American, Asian, and other), ethnicity (non-Hispanic or Hispanic), and marital status (married, never married with steady partner, never married with no partner, or divorced or widowed). Questions targeting interns' expectations of residency training assessed a variety of topics, including program supportiveness, free time outside work, perceptions of gender differences in training, and expectations for operating room exposure. Questions assessing the reasons why interns selected specific residency programs included program reputation, location, adherence to work-hour limitations, and collegiality. Interns also were asked about their expectations for life as an attending surgeon. Data on the program where each intern started residency were collected; characteristics of programs included program type (academic, community, or military), program size determined a priori based on the number of chief residents in the graduating class of 2007-2008 (1-3, 4-5, or ≥6), and program location (Northeast, South, Midwest, or West).
Methods

Study Population and Data Collection
For each question assessing intern expectations, participants were asked to select their level of agreement with survey statements using a Likert scale. Options included strongly agree, agree, neutral, disagree, and strongly disagree. Survey responses were analyzed as ordinal variables (1 indicates strongly disagree; 5, strongly agree).
Primary Outcome
Interns who participated in the intern survey were followed up for 8 years (until December 31, 2016) using linkable identifiers provided by the American Board of Surgery. The primary end point was completion of a general surgery residency within this period. Of note, the American Board of Surgery never had access to the interns' demographics or responses to the survey.
Principal Component Analysis
We used PCA to test the primary end point. Principal component analysis is a validated statistical method used to examine interrelated survey results by grouping many variables into a smaller number of correlated variables. With that smaller number of correlated variables ultimately grouped into multiple factors, analysis of the association between these factors and the primary outcome of noncompletion of residency training was undertaken. [17] [18] [19] Univariable and multivariable analyses were performed testing the association of expectations of surgical training with resident attrition. The
Key Points
Question What attitudes and expectations of training are associated with attrition in general surgery residents?
Findings In a national cohort of 828 categorical general surgery interns, those with realistic expectations of residency were less likely to undergo attrition. Those who chose their training program based on reputation were more likely to undergo attrition.
Meaning Attrition from general surgery training programs among incoming interns might be reduced by increased awareness of the rigors of surgery residency.
adjusted analysis accounted for intern gender, race, ethnicity, marital status, and program size, location, and type. To test for within-program clustering, we tested the use of a random-effect variable to account for correlations within programs, and the coefficient was not significant. An odds ratio (OR) of attrition for 1-unit increases in the factor-based score and 95% CI were obtained. Additional detail about our methodologic approach using PCA is available in the eMethods in the Supplement). Subset analysis was performed for all variables in this study; however, only statistically significant findings from logistic regression analysis assessing the association between expectations and attrition within subgroups (P < .05) are reported. All statistical analysis was conducted with SAS software (version 9.3; SAS Institute Inc). With use of PCA, the 31 survey questions were grouped into 9 factors based on their concordance. The total variance explained by these 9 factors was 58.1% (eTables 1 and 2 in the Supplement). eTable 3 in the Supplement shows the intercorrelation between summarized factors.
Results
Of
A Cronbach α coefficient calculation revealed that factors 7 (expectation of operating room exposure) and 8 (80-hour work week and career benefits) generated a coefficient of less than 0.5 and thus had unacceptable internal consistency; this finding meant that these factors could not reliably be grouped together (eTable 4 in the Supplement). Therefore, these 2 factors were excluded from the final multivariable analysis along with factor 9 (collegiality), which mapped to only 1 variable and therefore could not be reliably compared with other variables. Interns who did not complete residency had higher mean agreement with factor 2, meaning that they were more likely to select a residency program based on its reputation and advice from mentors ( Table 2) . After adjustment for resident demographics and program characteristics, residents who selected their residency program based on its reputation and advice from mentors (factor 2) had an increased likelihood of attrition compared with residents who did not choose their residency based on similar variables (OR, 1.08; 95% CI, 1.01-1.15). Interns who expected to (1) work more than 80 h/wk as an attending, (2) have a very stressful life as an attending, and (3) be the subject of malpractice litigation at some point during Collegiality (9) 4.6 (0.6) 4.5 (0.6) .22
a The factor-based score is calculated based on domains determined by principal component analysis.
b Calculated using the t test.
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their career (factor 6) were less likely to experience attrition (OR, 0.90; 95% CI, 0.82-0.98) ( Table 3) . When stratifying interns based on whether they attended academic or community programs, only interns at academic programs who chose their training program based on its reputation and advice from mentors (factor 2) had a higher likelihood of noncompletion (OR, 1.09; 95% CI, 0.99-1.19). For interns at community programs, choosing a program based on reputation and advice had no influence on attrition ( Table 4) .
Unmarried interns who chose a residency program based on its reputation and advice from mentors (factor 2) had a higher likelihood of attrition (OR, 1.11; 95% CI, 1.02-1.21), but choice of program based on location (factor 4) and expectation of a stressful life as an attending (factor 6) had no difference in likelihood of attrition ( Table 5) .
Among married interns, the choice of a program based on its reputation and advice from mentors (factor 2) did not influence the likelihood of attrition, whereas selection of a training program based on geographic location (factor 4) increased the likelihood of attrition (OR, 1.20; 95% CI, 1.03-1.40), and the expectation of a stressful life as an attending (factor 6) decreased it (OR, 0.82; 95% CI, 0.69-0.98).
Discussion
In this longitudinal, nationwide analysis of categorical general surgery interns from the 2007-2008 academic year, we provide, to our knowledge, the first large-scale assessment of how interns' expectations of residency and reasons for choosing a training program affect their likelihood of completing training. Although other studies have assessed risk factors for attrition (eTable 5 in the Supplement), none have evaluated expectations of residency and a career as a surgeon as a risk factor for attrition 1, [3] [4] [5] [8] [9] [10] [11] [12] [13] ; furthermore, none have used PCA based on learners' survey responses to estimate future attrition. The results of this study may inform interventions among medical students interested in surgery and interns at the start of residency with the purpose to reduce attrition.
Those interns who were married and expected to have a stressful career (ie, to work >80 hours/week as an attending, to have a stressful life as an attending, and to be the subject of malpractice litigation) were less likely to experience attrition. This finding suggests that an intervention to reduce attrition could reasonably focus on better preparing medical students and interns for the stress of a surgical career. Another possible intervention could be the development of wellness programs to teach strategies to cope with stress and prevent burnout. 20 In addition to preparing for the rigor of residency, interns may need to be given a better understanding of the stress an attending surgeon might experience during a lifetime. This process may include training for how to balance a need to be productive at work while also enjoying personal relationships outside work. It may also include specific training on how to handle a malpractice lawsuit.
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Attrition also was associated with some factors that motivated an intern's program choice. For example, residents who chose their training programs based on reputation were more likely to experience attrition. On subset analysis, this finding was only true for interns who were unmarried. In addition, interns who were married and chose their training programs based on location were more likely to experience attrition. Having close family nearby has previously been shown to be associated with attrition. 15 Married interns may be more focused on family, and thus having family nearby may actually influence them to leave residency, although more data are needed to confirm this possibility. Together these findings point to the importance of deciphering the exact reasons why applicants express interest in particular programs. Future surgery residents may consider de-emphasizing program reputation and location and instead focus on individual fit between residents and attendings. In addition, future research should focus on developing and validating the association of expectations among applicants to surgery residency with attrition from residency to potentially assist program directors with candidate selection.
The results of this study should not be interpreted as deemphasizing the importance of creating a collegial, respectful, and diverse training environment. Our study assesses expectations of interns and not their actual experiences in residency. Thus, our results should not be interpreted to mean that the experience of training at a program with better work environment, collegiality, and respect for diversity has no influence on resident attrition. Instead, our main conclusions are that interns who are more prepared for the arduous journey are more likely to complete residency. Therefore, 1 implication from this study is that investing in efforts to make programs more collegial and diverse may reduce attrition among interns who are less prepared for the rigors of surgery residency.
This study is unique in its use of PCA to use survey results to estimate outcomes. The advantage of using PCA in this context is the ability to summarize patterns of data and reduce the number of variables for incorporation into multivariable analysis. 
Limitations
This study has a few limitations. The data used in this analysis were only collected at a single point (the start of residency), and they were not reassessed as they progressed through training. Impending career or life events unaccounted for at the time of our survey may have prompted interns to leave surgery residency, in which case attrition was not related to interns' expectations of training. The results of this study apply to the intern class of 2007-2008 and may not be generalizable to other intern classes, especially given changes in duty hour restrictions. More contemporary data are needed to identify whether such changes have affected attrition. Although several subset analyses were undertaken, a more robust analysis of all subgroups (eg, female Hispanic residents at a program in the Northeast) could not be performed owing to the sample size. Although our response rate was excellent, we do not have individual or programmatic data on nonrespondents of our survey to test for nonresponse bias for our final cohort.
Conclusions
Categorical general surgery interns with more realistic expectations of surgery residency and life as an attending surgeon are more likely to complete training. These findings in a large national cohort using PCA highlight possible points of intervention to reduce attrition from residency. Future work should focus on better informing the expectations of medical students interested in surgery. Program directors may also consider these results to help better support residents and prepare medical students for surgical training. of which were used in the analysis. They found that for all residents, those who picked their training program based on advice from mentors about program reputation were more likely to experience attrition, and this finding was attributable to residents in academic rather than independent programs. The investigators also found that interns who expected a high workload and career stress were less likely to experience attrition. Finally, for married interns, the investigators confirmed that choosing a training program close to family increased the risk of attrition. 3 This new work is important because it links residents' future expectations of training and career to attrition for the first time. This analysis is a new lens for educators to use to examine an old problem. Prior work focused on demographic characteristics of trainees and program factors; thus, remedies that focus on interventions in residency, such as mentorship from faculty with similar life experiences, have been proposed. 4 A key implication of the work of Abelson et al 3 is that career mentorship should begin earlier, in medical school. Medical students are known to choose a surgical career based on interest in surgery and mentorship 5 ;h o wever, the failure of mentorship may be not preparing future surgeons for the rigors of a surgical career. Interest and talent alone do not make a surgeon but the "sustained and focused application of talent over time." 6(p1087) Thus, encouraging medical students not only with an ability and passion for surgery but with realistic expectations, work ethic, and grit to enter our field may be a more realistic path to reducing attrition.
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Association The survey data were assembled using an ordinal scale; therefore, a monotonic spline transformation was applied. 1 A monotonic spline transformation converts every category to a numeric value in accordance with the variable's analysis level, using optimal quantification. Converted variables then were used to perform principal component analysis. Based on the content of the survey, the analyses assumed that there were inter-factor correlations. The factor solution was formed based on the eigenvalues, which represent the amount of variance captured by given components and the theoretical interpretability of the factors. Factors with eigenvalues >1.0 were retained, according to the Kaiser-Guttman criterion. 2 Factor loadings, which represented the correlation between original variable and summarized factors, were used to determine the construction of each component. A coefficient of >0.4 for factor loading was defined a priori as a variable having a high load based on prior literature, and this was considered satisfactory to support including it in each component (Supplemental Table 2 ). [3] [4] [5] After each component was constructed and interpretability was assessed, the research team identified the common theme of each survey question in order to develop larger themes for each component. Components loaded with fewer than three variables were considered not well assessed by the questionnaire, and they were not included in the subsequent analyses. Cronbach's alpha coefficient was calculated for each factor to evaluate internal consistency. Factors with coefficients <0.5 were considered unreliable, and they were not included in the subsequent analysis.
The impact of expectations of surgical training on resident attrition was assessed using factors identified from the principal component analysis. A factor-based-score was calculated for each component by summing up the transformed variables from the ordinal scale; as a result, higher scores signify a higher level of agreement with the component. Univariable and multivariable analyses then were performed. The adjusted analysis accounted for intern gender, race, ethnicity, marital status, and program size, location, and type. An odds ratio of attrition for 1-unit increases in the factor-based score and 95% confidence intervals were obtained. A sensitivity analysis was performed with all components included.
Subset analysis was performed for all variables in this study; however, only statistically significant findings are reported. All statistical analysis was conducted with SAS 9.3 (Cary, NC). This study was approved by the institutional review board at Weill Cornell Medicine (Protocol #1509016546 
